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Foreword
0.

CEMEP is the European Committee of Manufacturers of Electrical rotating Machines and Power Electronics, 
representing an industry with a market value of more than €22 billion and around 200,000 employees
This guideline represents the agreed and common view from its membership. It has been prepared in a 
dedicated task force by a group of CEMEP members listed hereafter:

This guideline serves as a tool for electric motor, VSD and PDS manufacturers and system operators to 
calculate the Green House Gas (GHG) emissions for electric motors, VSD and PDS units in their use phase 
according to category 11 of the GHG Protocol. The guideline presents potential approaches and concepts 
to consider when e.g. setting Science Based Targets in relation to the Science Based Targets initiative (SBTi) 
or in general when calculating the GHG emission from motors, VSD, Servo and PDS in their use phase.

This task force acknowledges the ongoing revision of the EN 50598-3 European standard, which will be 
redrafted under a new reference to become the EN 50743, as well as activities of drafting an LCA standard 
for motors on European level. This guide intends to bridge the gap till the respective publications and will 
be withdrawn after.

CEMEP member companies’ scope 3 downstream emissions are often the largest contributor to companies’ 
GHG footprint. This is because of the substantial electric power consumed by our products. Our scope 3 
downstream emissions are directly linked to the carbon intensity of the energy used by our customers, 
which is not within our direct control. To support decarbonization, we are innovating to integrate 
renewables into the energy mix, to improve the energy efficiency of our products and to provide customers 
with solutions that will enable them to electrify their operations. In addition, we provide our customers 
with information about the power consumed and emissions avoided by our offerings, the outcome of Life 
Cycle Assessments (LCAs) performed, and third-party verified Environmental Product Declarations (EPDs), 
which are accessible on the products or companies web pages.
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Introduction
1.

1.1 The Paris Agreement

Greenhouse gases play a crucial role in climate change, trapping heat in the Earth’s atmosphere. These 
gases include water vapor, carbon dioxide (CO₂), methane, nitrous oxide (N2O), and others. Human 
activities, such as burning fossil fuels and deforestation, have increased the concentration of these gases, 
leading to global warming and its adverse effects.

Now, let’s delve into the connection between motors and VSD (Variable Speed Drives and servo drives) and 
greenhouse gas emissions. Motors and VSD are essential for various aspects of modern life, from driving 
HVAC and water applications to industrial processes and power generation. However, they also contribute 
to energy consumption and emissions.

Here are some key points:
Energy Consumption: Motors transform electrical energy into mechanical energy often controlled by 
VSDs. According to CEMEP, approximately 46% of the EU’s total electrical energy is consumed by motor 
driven applications.

The Paris Agreement is a pivotal milestone in the global fight against climate change. Adopted in 2015 
during the United Nations Climate Change Conference (COP21) in Paris, it represents a collective effort by 
nations to limit global warming and its adverse effects. Here are the key points:
•	 Binding Commitments: For the first time, all participating countries agreed to work together to combat 

climate change. The central goal is to limit global warming to 1.5°C above pre-industrial levels.
•	 Emission Reduction Targets: Each country submitted its nationally determined contributions (NDCs), 

outlining specific targets for reducing greenhouse gas emissions. These NDCs are reviewed and up-
dated periodically.

•	 Peaking Emissions: To achieve the 1.5°C target, global greenhouse gas emissions must peak before 
2025 and decline by 43% by 2030

Lifetime Emissions: When assessing the environmental impact of motors and VSDs, it’s essential to consider 
their entire lifecycle. The GHG Protocol estimates that 95-99% of a motor or VSD’s lifetime emissions occur 
during its use phase. In other words, the energy consumed while operating the motor system contributes 
significantly to overall emissions.

Manufacturers’ Role: While manufacturers can indirectly influence emissions through design and efficiency 
improvements, the primary responsibility lies with users during the operational phase.

Decarbonization Challenge: Until power generation transitions to carbon neutral, equipment requiring 
electricity (including motors and VSDs) will continue to emit greenhouse gases. Therefore, efforts to reduce 
emissions should focus on optimizing system use and promoting energy-efficient practices.

In summary, understanding and addressing the emissions associated with system operation during their 
use phase is crucial for mitigating climate change. By adopting efficient technologies and responsible 
practices, we can contribute to a more sustainable future.

Figure 1.1: Energy Consumption
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Figure 1.2: Lifecycle carbon footprint of motors

https://unfccc.int/process-and-meetings/the-paris-agreement
https://unfccc.int/process-and-meetings/the-paris-agreement
https://ghgprotocol.org/
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1.2.	Scope 3 Emissions: The Hidden Impact

1.3.	Science-Based Target initiative (SBTi)

1.4.	Green House Gas Protocol (GHG Protocol)

While it’s common to focus on direct emissions (Scope 1) and indirect emissions from energy use (Scope 
2), Scope 3 emissions play a critical role. It’s important to know:
1.	 Definition: Scope 3 encompasses emissions that are not produced directly by a company but result 

from activities up and down its value chain. These emissions include those from suppliers, customers, 
and product use.

2.	 Magnitude: Scope 3 emissions typically account for over 70% of a business’s carbon footprint. Yet, 
they are often overlooked in environmental, social, and governance (ESG) reports.

3.	 Complete Value Chain: To truly address climate impact, companies must consider their entire value 
chain. This means looking beyond their own operations and understanding the emissions associated 
with their products’ entire lifecycle. 

4.	 Shift in Focus: While cutting direct emissions remains crucial, focusing on Scope 3 emissions is equally 
vital. Industry players, are collaborating to tackle these emissions and formulate action plans.

In summary, the Paris Agreement calls for collective action to combat climate change, while Scope 3 
emissions demand our attention. By addressing the full range of emissions, businesses can contribute 
significantly to a sustainable future.

The Science Based Targets initiative (SBTi) is a collaborative effort aimed at driving ambitious corporate 
climate action. Here are the key points:
1.	 Purpose and Ambition:

•	 The SBTi encourages companies to lead the way toward a net-zero economy by setting science-
based emissions reduction targets

•	 These targets are grounded in climate science and align with the global goal of limiting global 
warming to 1.5°C above pre-industrial levels

2.	 Global Participation:
•	 Over 7,000 businesses across various regions and industries have already committed to emissions 

reduction targets through the SBTi
•	 These companies recognize the level of ambition required for effective GHG reduction goals (also 

other emissions than CO2)
3.	 Scope of Emissions Reduction:

•	 While companies often focus on their direct emissions (Scope 1) and indirect emissions from 
energy use (Scope 2), the SBTi emphasizes Scope 3 emissions

•	 Scope 3 emissions account for over 70% of a business’s carbon footprint and include emissions 
from suppliers, customers, and product use

4.	 Best Practices and Validation:
•	 The SBTi defines and promotes best practices in science-based target setting
•	 It offers resources, guidance, and technical assistance to companies
•	 Companies seeking validation submit their targets to the SBTi for independent assessment based 

on strict criteria

The GHG Protocol is a globally recognized and widely used framework for measuring and managing 
greenhouse gas (GHG) emissions. Its key aspects are:
1.	 Purpose and Scope:

•	 The GHG Protocol establishes comprehensive, standardized frameworks to measure and manage 
emissions across various sectors

•	 It covers both private and public sector operations, value chains, and mitigation actions
2.	 Corporate Emissions Accounting:

•	 For companies, the GHG Protocol provides the world’s most widely used greenhouse gas 
accounting standards

•	 These standards enable businesses to calculate and report their carbon footprint accurately
3.	 Three Scopes of Emissions: 

•	 The GHG Protocol categorizes emissions into three scopes:
−	 Scope 1: Direct emissions from sources owned or controlled by the company (e.g., fuel 

combustion)
−	 Scope 2: Indirect emissions from purchased electricity, heat, or steam
−	 Scope 3: Indirect emissions from the entire value chain, including suppliers, customers, and 

product use
4.	 Global Adoption:

•	 More than 90% of Fortune 500 companies that report to the Carbon Disclosure Project (CDP) use 
the GHG Protocol

•	 Governments, industry associations, NGOs, and businesses collaborate with the GHG Protocol to 
drive climate action

5.	 Tools and Courses:
•	 The GHG Protocol offers tools for companies to develop comprehensive inventories of their GHG 

emissions
•	 Online courses teach professionals how to account for emissions throughout their value chains

5.	 Business Benefits:
•	 Adopting a science-based target has several advantages:

−	 Boosts profitability: Companies that align with climate science tend to perform better 
financially

−	 Improves investor confidence: Investors appreciate the commitment to sustainability
−	 Drives innovation: Focusing on science-based targets encourages creative solutions
−	 Reduces regulatory uncertainty: Clear targets facilitate compliance
−	 Strengthens brand reputation: Climate-conscious companies build trust

6.	 Steps to Set Science-Based Targets:
•	 Commit: Companies express their intent to set a science-based target
•	 Develop: Work on an emissions reduction target aligned with SBTi criteria
•	 Submit: Present the target for official validation
•	 Communicate: Announce the target to stakeholders
•	 Disclose: Report emissions and progress annually

In summary, the SBTi empowers businesses to take meaningful climate action, demonstrating that a 
climate-secure world and successful business operations go hand-in-hand.

https://unfccc.int/process-and-meetings/the-paris-agreement
https://sciencebasedtargets.org/
https://www.onetrust.com/resources/ghg-scope-1-2-3-emissions-infographic/
https://www.onetrust.com/resources/ghg-scope-1-2-3-emissions-infographic/
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6.	 Recent Progress:
•	 The GHG Protocol has achieved significant milestones, including launching new governance 

bodies and expanding stakeholder involvement
•	 It continues to enhance corporate standards and increase capacity for sustainable practices

In summary, the GHG Protocol empowers organizations to measure, manage, and reduce emissions, 
contributing to a more sustainable and climate-resilient future.

Scope of emissions

Figure 1.3: Green House Gas (GHG) Protocol Scopes

Indirect emissions from 
electricity and district heat
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from CEMEP products and solutions at customer sites, as 

well as the total avoided emissions at customers sites 
through the use of energy efficient products and solutions

1.	 Three Scopes of Emissions: 
The GHG Protocol classifies emissions into three scopes:

•	 Scope 1 (Direct Emissions):
−	 These are emissions directly produced by a company’s activities or facilities
−	 Examples include emissions from fuel combustion, industrial processes, and on-site 

manufacturing
•	 Scope 2 (Indirect Emissions from Purchased Energy):

−	 These emissions result from purchased electricity, heat, or steam
−	 Companies calculate them based on energy consumption data

•	 Scope 3 (Indirect Other Emissions):
−	 Scope 3 emissions are more complex and encompass a wide range of indirect sources
−	 They include emissions from the entire value chain, such as:

•	 Purchased goods and services: Emissions associated with products and services procured 
from suppliers

•	 Transportation and distribution: Emissions from logistics and transportation
•	 Use of sold products: Emissions arising during product use by consumers
•	 Waste generated in operations: Emissions related to waste management
•	 Business travel: Emissions from employee travel
•	 Employee commuting: Emissions from employees’ daily commute
•	 Leased assets: Emissions from leased equipment or facilities
•	 Investments: Emissions linked to financial investments
•	 And more…

2.	 Calculation Guidance for Scope 3:
•	 The GHG Protocol provides detailed calculation methods for each of the 15 categories of Scope 3 

emissions
•	 These methods help companies quantify their impact throughout the value chain
•	 The guidance assists in selecting appropriate calculation approaches and includes practical 

examples
•	 It was developed in collaboration with the Carbon Trust, ensuring a coherent approach to Scope 

3 assessments
3.	 Importance of Scope 3:

•	 While Scope 1 and 2 emissions are more straightforward, Scope 3 emissions often constitute the 
majority of a company’s carbon footprint

•	 Addressing Scope 3 emissions is crucial for comprehensive climate action
•	 Companies can enhance their understanding of the full climate impact, benefiting themselves, 

suppliers, customers, and other partners
4.	 Avoided emissions (Voluntary Category):

•	 Beyond Scopes 1-3, there’s a voluntary category unofficially known as Scope 4, referring to the 
Avoided emissions

•	 Avoided emissions refer to emissions savings that can be achieved with the use of the product 
units sold by the reporting company compared to a reference scenario, such as e.g. VSD and the 
emissions savings enabled by the product through improved energy efficiency of the system. This 
category does not apply to off-sets certificates

•	 Avoided emissions can be reported voluntarily, however Scope 1, 2 and 3 GHG emissions reporting 
shall always be separated from the Avoided emissions in their reporting. Avoided emissions must 
not be used to offset or compensate GHG inventory emissions

•	 Companies aiming for ambitious sustainability goals may consider Avoided emissions targets as 
well

•	 WBCSD guidance on avoided emissions is the first public guidelines document available, however 
on the product level, industry alignment is needed for application to Electric Motors and VSDs. 
The use phase assumptions for avoided emissions calculations shall be aligned with the use phase 
assumptions used for Scope 3.11 recommended in this guide

1.5.	Scope 3 – Use of sold products (Category 11)

1.	 Use of Sold Products (Category 11):
•	 Definition: Category 11 within Scope 3 is the use of sold products
•	 Relevance: It typically accounts for 98% of total Scope 3 emissions and 64% of total emissions 

(including Scopes 1, 2, and 3) reported by various sectors
•	 Insights:

−	 Companies must consider the emissions associated with their products beyond the point of 
sale

−	 This includes emissions during product use by consumers, maintenance, and eventual disposal
−	 For example, the energy consumed by a VSD during its lifetime

https://ghgprotocol.org/
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2.	 Business Implications:
•	 Strategic Decisions: Understanding Scope 3 emissions related to product use helps companies 

make informed decisions about product design, lifecycle management, and circular economy 
approaches

•	 Consumer Awareness: Consumers increasingly care about the environmental impact of products 
they purchase. Addressing Scope 3 emissions can enhance a company’s reputation

•	 Supply Chain Collaboration: Collaborating with suppliers to reduce emissions throughout the 
product lifecycle is essential

3.	 Climate Action and Sustainability:
•	 Advancing Decarbonization: By addressing Scope 3 emissions, organizations contribute to global 

climate goals
•	 Sustainable Journey: It aligns with an organization’s sustainability journey and commitment to a 

low-carbon future

Figure 1.5: Scope 3 categories

1.6. Enhancing Sustainability: Addressing Scope 3 
Emissions in Use Phase

As previously discussed, Scope 3 emissions - those indirect emissions occurring beyond a company’s 
direct operations - are closely tied to the Scope 1 and Scope 2 emissions generated by system operators. 
Manufacturers can play a pivotal role in reducing greenhouse gas (GHG) emissions by assisting operators 
in minimizing their Scope 1 and Scope 2 emissions through product and process efficiency enhancements.

However, a challenge arises: there is currently no standardized method for reporting the resulting emissions 
reductions at the operator level within the context of Scope 3 use phase emissions. When an operator 
successfully reduces Scope 1 and Scope 2 emissions, it is advisable that component manufacturers report 
the emission reductions resulting from system optimization services separately - perhaps as comparative 
emissions.

Two Key Levers for GHG Emission Reduction in Use Phase:
1.	 Improving Overall System Efficiency: 

•	 The efficiency of the entire system - whether at the product, extended product, or system level - 
plays a crucial role

•	 It reflects how well the system unit meets the demands of the specific application over time
•	 By optimizing system efficiency, manufacturers contribute significantly to emissions reduction

2.	 Reducing Carbon Intensity of Consumed Electricity:
•	 The carbon intensity of electricity—expressed as the “grid factor”—directly impacts GHG emissions
•	 The grid factor quantifies the emissions (in kilograms) associated with producing and transmitting 

one kilowatt-hour (kWh) of electricity
•	 While energy efficiency improvements are essential, achieving science-based targets necessitates 

collaboration with the grid factor
•	 Fortunately, the grid factor is projected to decline due to the greening of electricity production

Balancing Emissions Reduction with Safety and Reliability:
•	 While striving for efficiency gains, manufacturers must prioritize safety and reliability
•	 Any improvements in system efficiency should consider the Environmental, Social, and 

Governance (ESG) dimensions
•	 This holistic approach ensures that emission reduction efforts do not compromise the safety or 

dependability of services

In summary, by addressing Scope 3 emissions and aligning with sustainability goals, manufacturers 
contribute to a more resilient and environmentally responsible future.
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Figure 1.4: Lifecycle carbon footprint of drives
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1.7.	Greenhouse Gas Emissions Reporting: Naviga-
ting Challenges and Opportunities

1.8.	Navigating Climate Goals: Insights from the 
“Pathways to Paris” Initiative

The landscape of greenhouse gas (GHG) emissions reporting is dynamic, continually evolving as our 
understanding deepens. Consequently, reporting requirements undergo changes over time. Companies 
must adapt to these shifts, and the rules they follow may vary based on their commitment dates to emission 
reduction targets.

Within this context, a specialized subgroup has identified opportunities to enhance reporting transparency 
and address challenges specific to the Motor and Drive industry. While motors and VSD play a crucial role 
in energy systems, their control mechanisms significantly impact energy consumption and savings. For 
instance, precise torque and speed control across fans, pump or compressors can optimize heating and 
cooling appliances, resulting in greater efficiency and substantial GHG emissions reductions beyond what 
the component optimization could achieve.

Interestingly, these emission savings—often referred to as “Avoided Emissions”—fall outside the 
conventional Scope 3 reporting framework. Additionally, there’s emerging discussion around a potential 
“Scope 4,” although it isn’t officially defined in the GHG Protocol yet. Manufacturers grapple with how to 
credit efficiency improvements in their existing installed base and establish sensible baselines for reporting 
purposes.

To encourage collaboration between component manufacturers and operators, clear guidance on 
calculating and reporting these savings is essential. By doing so, we can drive efficiency gains, reduce 
emissions, and collectively contribute to a more sustainable future.

The German-funded “Pathways to Paris” initiative has meticulously identified around 20 distinct initiatives. 
These initiatives empower companies to actively engage in climate action by committing to reduction 
goals, quantifying and reporting their emission cuts, and seeking expert guidance on emission reduction 
strategies.

However, it’s essential to recognize that there isn’t a one-size-fits-all approach. Instead, companies 
must navigate a diverse landscape of options to achieve their shared objective: reducing their impact on 
climate change. Whether it’s embracing renewable energy sources, adopting specific key technologies, 
or implementing sector-specific measures, each path contributes to the collective effort toward a more 
sustainable future.

In summary, the road to climate neutrality is multifaceted, and companies can choose from various routes 
to align with the Paris Climate Agreement’s minimum requirements. By leveraging these pathways, we can 
collectively steer toward a greener, more resilient world.

ACT
Assessing Low Carbon 
Transition

Race to Zero 
Business Ambition to 1.5

CDP
Carbon Disclosure Project

Climate Governance Initiative 
Germany

Climate Neutral Now Climate Pledge Race to Zero
Exponential Roadmap 
Initiative

GHG
Greenhouse Gas Protocol

Klimaschutz-Unternehmen Leaders for Climate Action NZI
Net Zero Initiative

Net-Zero 2050/B-Team

Race to Zero Planet Mark Race to Zero Race to Zero
SME Climate Hub

TCFD
Task Force on Climate-related 
Financial Disclosures

Table 1.1: Pathways to Paris initiatives
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Scope
2.

This guide is intended for products used in industrial applications and not in consumer applications. 

This guide applies to:
•	 LV AC VSD (Variable Speed Drives)
•	 LV AC DoL Motors (Direct-on-Line Motors)
•	 LV AC VSD Motor
•	 LV AC PDS (Power Drive Systems)
•	 HV AC DoL Motors
•	 LV AC Servo VSD
•	 LV AC Servo Motors
•	 LV AC Servo PDS

This guide can be used but is not intended for:
•	 HV AC VSD
•	 HV AC VSD Motor
•	 LV brushed DC motors and converters
•	 LV and HV Generators
•	 Motors and VSDs in Marine applications

This guide is not intended for:
•	 Traction motors or converters
•	 Electric vehicle
•	 Non-industrial electrical motors and controllers

The application of this guide is based on energy efficiency information according to:
•	 IEC61800-9-2 Ecodesign for motor systems - Energy efficiency determination and classification
•	 IEC60034-2-3 Specific test methods for determining losses and efficiency of converted AC motors
•	 IEC60034-30-1 Efficiency classes of line operated AC motors
•	 IEC TS 60034-30-2 Efficiency classes of variable speed AC motors
•	 IEC60034-30-3 Efficiency classes of high voltage AC motors

Are available and therefore the interpolation of energy efficiency at relevant operation points is possible.

2.1. Calculation Guideline

Description This category includes emissions from the end use of products sold by CEMEP Member companies. End users include 
both consumers and business customers that use final products. 

Methodology This category includes direct use-phase emissions of CEMEP member companies’ sold products over their expected use 
phase duration, i.e., scopes 1 and 2 emissions by end users. This includes emissions from CEMEP member companies 
on-premises solutions (commercial products that run on clients’ sites).
The key driver for CEMEP member company emissions during the use phase duration of their offering is from the 
consumption of energy, specifically electricity. In simplified terms, calculations run along the following logic.

Use phase duration emissions = annual sales * electricity consumed annually * Use phase duration * carbon intensity of 
electricity

One important decision to make impacting the emission number significantly is the amount of electricity 
consumed. This is complicated by MEMBER COMPANY’s offering typically being part of a system/ industrial asset and 
not a standalone consumer product. 
The two extremes of the spectrum that can be used for electricity consumed are energy losses or energy input 
for each CEMEP MEMBER COMPANY offering within the respective system. For instance, the difference between 
the electricity going into a breaker and coming out of it would represent energy losses and be used for emissions 
calculation. The electricity needed to run some controllers would constitute energy input, i.e., all electricity going 
into the CEMEP MEMBER COMPANY offering needed to run the automation system. Application of the full energy 
input naturally leads to a much higher baseline.

While the characterization of energy consumption of certain sold products is straightforward (e.g., electrical 
components with well-established PCRs), the industry interpretation remains unclear for other critical products. The 
latter situation mostly corresponds to electrical motors and any other system containing them.

For most of member companies offering, where the energy form does not get converted within the perimeter of the 
offering, i.e., electricity remains electricity, the case for losses can be made easily (e.g., in switchgear or drives). Also, 
the same principle applies in case motion or other forms of energy are converted to electricity, e.g., from a generator, 
since there are very few actual end uses of electricity without converting it into another energy from again. The 
challenge comes with CEMEP MEMBER COMPANY offerings that convert electricity into another form of energy, most 
notably electrical motors. Hence, CEMEP MEMBER COMPANY considers activity data based on two scenarios, which 
illustrate the different possible interpretations of energy consumption resulting from current external guidelines (e.g., 
GHG Protocol) and the limited harmonization of Product Category Rules. 
•	 Loss based  scenario (Scenario 1): calculates energy consumption in the most realistic way from an CEMEP 

member company perspective.
•	 Motor only: energy input based  scenario (Scenario 2): calculates energy consumption following a conservativism 

principle to mitigate greenwashing risks (if any)
Each unique product submitted specific emission factor, based on the type of energy source (if known) and the 
exposure to different regions (see conversions and calculations section). The share of regions for calculating each 
regional specific emission factor is based on the share of revenues each company spends in each region from the total 
revenue amount of that division in the given year. The time set for this regional specific EF is 2022. To be conservative, 
it is assumed that the 2022  year of assessment grid emission factor will be the constant grid emission factor for the 
remaining lifetime of each sold product.

Activity data •	 Data on MEMBER COMPANY’s use of sold products is obtained from each division sales and product management 
teams based on the approach and activity data specified in the GHG category 11 calculation tool. As CEMEP 
MEMBER COMPANY offers a wide range of products, a standardized flexible approach has been built to respond 
to the various needs and characteristics from each Division. Each product from each Division might present 
different types of operational parameters available. Therefore, the calculation tool entails multiple calculation 
combinations depending on the product offering, data availability and specifications. See Appendix C for further 
details.

•	 The type of activity data comes down to MWh electricity or fuel, either from a representative scenario (scenario 1) 
or strict scenario (scenario 2) approach. (See methodology)

Conversion factors Energy related emission factors:
•	 Sources: all sources accepted by GHG Protocol, indicative list, latest available version to be used IEA, UNECE, 

Lindstad et al., DEFRA
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•	 Emission factors:
1.	 For electricity generation from IEA: year and regional-specific emission factors per energy carrier used for 

electricity generation (coal, oil, natural gas, bioenergy, waste, average electricity grid mix)
2.	 For electricity generation from UNECE: direct emission factors for electricity generated via nuclear-, wind-, solar- 

and hydro energy are considered as zero. 
3.	 For marine oil, the emission factor is based on data from Lindstad et al.
4.	 By default global factors are to be used, in case sales information / end use is available and representative regional 

factors can be applied
5.	 Country specific factors are only allowed if end use is known
6.	 Issue to resolve: customers buying green energy / vs national grid mix / declarations / certificates
•	 Unit: kgCO2e/kWh
•	 Note: The current grid emission factors are applied for the entire lifetime of each product sold because forecasts 

for the potential emission factor decline are too uncertain

Table 2.1: Category 11: Use of sold products

Table 2.2. Use phase guidelines

Calculation

Data quality

Total emissions for loss-based scenarios (fossil and biogenic emissions scenario dependent)

Product-specific EF calculations for fossil/bio are the same regardless of how Annual energy consumption is 
calculated (energy loss or energy input)

Other GHG emissions (per product)

Scenario 1: Energy loss (per ID)

Where:

Total emissions for energy input based scenarios (motor only) 
(fossil and biogenic emissions scenario dependent)

Where:

•	 Data should be as much as possible representative for time, technology and location. 
•	 Choices made should be consistent over several reporting cycles. Rationale: mass/energy flows are provided by 

CEMEP member company, of which emissions are calculated with physical emission factors

In function of the product offering, Annual energy consumption will be calculated as either:
•	 Energy input: dependent on power input required by some products to perform tasks as expected (e.g., pumps, 

fans, robots, automation systems, instruments)
•	 Energy loss: highly linked to product efficiency (e.g., electrical components, drives, switchgears, high power 

rectifiers, Generators)
Calculation methodology applied per product type and for both representative and strict scenarios 

For all fossil energy sources: 

If emissions are biogenic:
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2.2. Average running hours per year

In general, the defined parameters within this guide should be used.

If individual calculations are to be made following recommendation should be followed:

Where running conditions are unknown a value of 5000 hours per year is recommended as the conservative 
average value across all sectors. That estimation is also taking into account periodical maintenance, 
overhaul etc. breaks for all components of the final product. This should be used as default value.

For VSD is it also important to consider a reasonable amount of stand by time, where only the control is 
active but not the power stage in addition. If this is unknown a value of 1000 hours is recommended.

The defaults can be reduced or increased accordingly if there is evidence of shorter or longer running 
hours. 

For example: GHG emissions for water pump units can use the review study report that indicates running 
hours from variable flow and constant flow systems. If it is unknown to the manufacturer in which system 
the component will be installed the average (3625 hours per year) can be used.

Individual assumptions have to be clearly marked as such.
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2.2.1. Use phase Duration

The recommended use phase durations are given in the product specific chapters of this guide. It is to 
be noted, that total use phase duration of a motor and VSD varies based on its application and type. 
Typically, those components have projected lifetimes ranging from 5 to 20 years. 

However, if other sector-specific and publicly accepted data are available, the default lifetime should 
be adjusted accordingly. For instance, the API 610 11th edition specifies that the design life for pumps 
according to this standard must exceed 20 years and therefore also mandate this lifetime for motors and 
VSD used in those applications.

Extending the use phase duration of an energy-consuming product can be achieved through proper 
selection, maintenance, and efficient operation. However, it’s essential to recognize that extending 
a product’s lifetime may create a target conflict between durability and reducing emissions during its 
use phase. The GHG Protocol guideline suggests reporting intensity metrics to minimize the risk of 
misinterpreting emissions data.

Individual assumptions must be clearly marked as such.

As of the current moment, CEMEP acknowledges the impending Cyber Resilience Act (CRA) in the 
European Union, which focuses on cybersecurity regulations. According to this act, a mandatory support 
period for cybersecurity will be required throughout a product’s expected lifetime, refer to §10.6 of CRA. 
Importantly, the expected lifetime for use-phase emissions and the cybersecurity support period should 
align and not conflict with each other.

VSD are impacted directly by the CRA, motors just indirectly as by the machine they are put into service 
as a component. At this moment the cyber security support periods of VSDs and Machines are not clear, 
especially for smaller VSD or machines it could be unfeasible, after the initial support period, to completely 
upgrade the control. This could potentially lead to a decommission of the VSD or machine, therefore 
contradicting a longer predicted lifetime.

2.2.2. Grid specific emission factor

As stated above in the calculation formula Greenhouse gas (GHG) emissions resulting from electricity 
production are often quantified using a metric known as the “grid factor.” This factor expresses the GHG 
emissions in kilograms of CO2 equivalent (CO2e)—which accounts for all relevant GHG emissions converted 
to CO2 equivalent—per kilowatt-hour (kWh) of electricity produced and transmitted1.

From a technical standpoint, grid factors serve as a conceptual model to connect emissions generated by 
power plants to the electricity consumed. However, in practice, the electricity grid is a complex network 
that draws power from various sources, each with different carbon intensities. As a result, grid factors 
provide an estimate of GHG emissions associated with electricity consumption at a specific facility. It’s 
essential to recognize that not all grid factors are publicly accessible; some are part of paid subscriptions 
to emissions databases.

Here are some key points about grid factors:

1.	 Blend of Electricity Sources:
•	 The electricity grid comprises a mix of energy sources, including coal, natural gas, nuclear, hydro, wind, 

and solar
•	 Each source contributes differently to the overall carbon footprint of the grid
•	 Grid factors attempt to capture this blend by providing an average estimate of emissions associated 

with electricity consumption
2.	 Estimating Emissions for Specific Applications:
•	 Suppose you’re interested in assessing the GHG emissions related to operating a pump motor at a 

specific facility
•	 In that case, you can use the grid factor corresponding to the region where the facility is located
•	 Keep in mind that this estimate is based on the overall grid mix and may not precisely reflect the 

emissions from the specific power plant supplying electricity to that facility
3.	 Availability of Grid Factors:
•	 Not all grid factors are publicly available. Some organizations maintain proprietary databases that 

include detailed emission factors
•	 These databases often require a paid subscription for access
•	 However, there are free sources where you can find realized or historical grid factors. For instance:

−	 Our World in Data provides data on carbon intensity of electricity generation, measured in 
grams of CO2 equivalents per kilowatt-hour

−	 The International Energy Agency (IEA) offers annual GHG emission factors for various countries 
from electricity and heat generation

−	 While these sources provide historical data, projected grid factors needed for future emission 
calculations are typically not freely accessible

The European Environment Agency (EEA) offers a forward-looking perspective on emissions stemming 
from electricity generation across Europe. These projections align with the current reduction targets set 
until 2030 and the overarching goal of achieving carbon neutrality by 2050.

Here are the key points regarding GHG emissions in electricity generation and their implications for energy-
intensive products like motors and VSD:
1.	 Critical Role of Electricity Generation:
•	 The electricity sector plays a pivotal role in climate mitigation efforts.
•	 To achieve the EU’s ambitious target of reducing net greenhouse gas emissions by 55% by 2030 

(compared to 1990 levels) and ultimately reaching carbon neutrality by 2050, significant changes are 
needed in electricity generation

2.	 Emission-Free Energy Sources and motors and VSD 
•	 Motors and VSD that operate exclusively using energy from so-called “emission-free” sources (such as 

renewables and nuclear energy) have minimal emissions during their use phase
•	 However, obtaining credit for such equipment can be challenging, especially when the manufacturer 

cannot trace the final destination of these
3.	 Off-Grid Applications:
•	 Motors and VSD are used in diverse applications, including off-grid scenarios (e.g., on ships).
•	 Off-grid systems may utilize different energy forms, such as steam turbines or hydraulic power recovery 

turbines
•	 Notably, these specific use-cases are not explicitly addressed in the GHG emissions calculation 

approach outlined in the CEMEP guideline
4.	 Changing Grid Mix and Lifetime Considerations:
•	 Over a component’s extended use phase duration, the grid specific emission factor will evolve
•	 For each reporting year, a static grid factor is used to calculate emissions over the use phase of the 

product

https://www.iea.org/data-and-statistics/data-product/emissions-factors-2022
https://www.iea.org/data-and-statistics/data-product/emissions-factors-2022
https://www.iea.org/data-and-statistics/data-product/emissions-factors-2022
https://www.iea.org/data-and-statistics/data-product/emissions-factors-2022
https://ourworldindata.org/grapher/carbon-intensity-electricity
https://ourworldindata.org/grapher/carbon-intensity-electricity
https://www.iea.org/data-and-statistics/data-product/emissions-factors-2022
https://www.iea.org/data-and-statistics/data-product/emissions-factors-2022
https://www.eea.europa.eu/data-and-maps/daviz/co2-emission-intensity-14
https://www.eea.europa.eu/data-and-maps/daviz/co2-emission-intensity-14
https://www.eea.europa.eu/data-and-maps/daviz/co2-emission-intensity-14
https://www.eea.europa.eu/data-and-maps/daviz/co2-emission-intensity-14
https://www.eea.europa.eu/data-and-maps/daviz/co2-emission-intensity-14
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Use phases for VSD and VSD Motor
3.

3.1. General

3.2. Duty Profiles
3.2.1. Duty profile for a Quadratic load profile 

The CO2 emissions of are generally calculated according to guidelines laid down in chapter 2.1, simplified 
hereafter, with default values on product level to the following procedure. In this document, the calculations 
are made for the specific EU grid mix. If products are intended to be used in other regions, the relevant grid 
mix in these regions should be used. See clause 2.2.2.
1.	 Calculate the power losses of the product in specific duty profile
2.	 Calculate the annual power losses of a product with the assumption of 5.000 operating hours per year 

[Unit h/a]
3.	 Calculate the lifetime power losses of a product with the assumption of a product use phase duration 

of 10 years [Unit a]
4.	 Calculate the lifetime CO2 emissions of a product with the EU-27 Grid mix, e.g. of 251 

The CO2 emission caused by a VSD in its use phase strongly depend on the applied duty profile. A duty 
profile defines at which operating points (relative output frequency, relative torque current) a VSD is 
operated for which amount of time. The concept of the duty profile is described in detail in IEC 61800-9-1, 
Annex C. The CO2 emissions of a VSD are calculated by summing up the losses of the product at various 
operating points over the time the product is operated in these operating points.

IEC 61800-9-2 requires VSD manufacturers to publish the losses of their products in eight operating points.

The required torque of pumps, fans and compressors typically increases quadratically with speed. There 
are already a standardized duty profiles defined for this type of application in the drives standard EN 
50598-3, in the pumps standard EN 17038 and in the NEMA Power Index standard NEMA MG 10011. For this 
guideline, CEMEP has decided to base the duty profile on EN 17038, which defines the same operating points 
as NEMA MG 10011. The operating point at 100% speed and 100% torque is replaced by the operating point 
at 90% speed and 100% torque, because this avoids overmodulation and thus improves the repeatability 
of stated values with an only marginal deviation from EN 17038, which is assumed to be negligible for the 
GHG scope 3 reporting.

Losses in different operating points can be determined by inter- and extrapolation. The inter- and 
extrapolation method is described in IEC 61800-9-2, Annex F.

The duty profile will be different in each and every installation. From this point of view, it is impossible 
to exactly predict the CO2 emission caused by a VSD in its use phase on product level, because the duty 
profile is unknown and could only be determined at the end of life of a product.

Nevertheless, it is possible to estimate a duty profile for a VSD based on experience of the past. This 
estimation will never be completely correct, but it allows to give a first order approximation for a mean 
value of the expected CO2 emissions in an application.

For this purpose, it is advantageous to define a limited number of typical applications. For each of these 
applications, a typical duty profile is defined. The typical applications are:
1.	 Quadratic load profile e.g. Pumps/Fans/Compressors
2.	 Linear load profile, e.g. crushing machine, conveyors, cranes and hoists
3.	 Peak load profile, e.g. servo drives application, positioning and robotics.
4.	 Infeed Modules
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Figure 3.1: Operating points of a VSD according to IEC 61800-9-2
Figure 3.2: Duty profile for quadratic load profile
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Figure 3.4: Speed and current in an working cycle of a peak load profile

Operating point i Relative Speed (%) Relative Torque [%] Time [%] of 5000h/a

Low 44 19 44

Medium Low 60 36 35

Medium High

Full

79

90

62

100

15

6

Table 3.1: Duty profile for quadratic load profile

The operating points and time shares are:

This duty profile directly uses the operating points given in IEC/EN 61800-9-2.

3.2.2. Duty profile for Linear load 
For Linear load profile, the following duty profile is defined:

Figure 3.3: Duty profile for Linear load profile 

Speed (%)

Torque (%)

Operating point i Relative Speed (%) Relative Torque [%] Time [%] of 5000h/a

Standstill 0 25 10

Low 50 25 40

Medium

Full

90

90

50

100

30

20

Table 3.2: Duty profile for a Linear load profile 

3.2.3. Duty profile for peak load profile

Servo drives are operated in a very different way compared to the previously defined application. The 
most typical applications for a servo drive are machine tools and robotics. In these applications, servo 
drives typically do not operate continuously at a fixed load point, but operate in a working cycle. The speed 
and current for a typical working cycle is as follows:

For a machine tool application, the phases 1 to 6 represent the following operation: In the phases 1 to 
3, a tool is moved to a defined position within 0,5s by accelerating, moving with a constant speed and 
braking. In phase 4, the tool is machining a workpiece for 2,4s with a constant speed. In phase 5, the tool is 
decelerated to standstill within 0,1s. In phase 6, the servo drive remains in standby. After phase 6, the next 
cycle starts.

During the phases 2, 4 and 6, the speed is constant. These phases can consequently directly be mapped to 
static operating points defined in IEC 61800-9-2. During the standby phase 6, the current is assumed to be 
25% of the rated current. This current (and consequently losses) does not necessarily represent a torque of 
the motor, but it is an auxiliary quantity to represent the losses of the power semiconductors in the servo 
drive , which are not included in the pure standby losses.

In the phases 1, 3 and 5, the tool is moved to a different position. This movement is typically done as fast 
as possible to achieve a cycle time as low as possible.  Consequently, the servo drive is operating at its 
maximum output current, either positive for accelerating or negative for braking. 
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During these phases, the speed is changing. To use the operating points defined in IEC 61800-9-2, it is 
necessary to define an average speed during this time intervals. For the sake of simplification, these three 
time intervals are combined to one representative time interval. This is admissible, because the losses of 
the servo drive primarily depend on the amount of output current, which is identical in all three intervals.  
The representative speed is chosen to 50%.

The cycle shown in Figure 3.4 is a compromise between a typical machine tool application and a typical 
robot application. In a typical machine tool application, phase 4 is slightly longer and phase 6 is slightly 
shorter. In a typical robot application, it is the other way round.

Finally, the duty profile of a servo drive is defined to the following:

For all operating points except for (1), the Servo drive losses can be directly taken from the product 
documentation. For operating point 1, an extrapolation according to IEC 61800-9-2, Annex F is required. 
The value for 100% frequency refers to the rated line frequency. The value for 100% current refers to the 
rated current of the Servo drive.

For servo motors, the energy efficiency standards are still under development. The value for 100% torque 
(or current) refers to the rated torque (current) of the motor. The value for 100% speed refers to the speed at 
the transition from base speed range to the field weakening range with the following boundary conditions:
•	 200% torque, and
•	 Rated motor voltage

OP Phase Frequency (Voltage) Current (Torque) Time [%] of 5000h/a

1 (1) + (3) + (5) 50% 200% 15%

2 (2) 90% 50% 5%

3

4

(4) 50% 50% 35%

(6) 0% 25% 45%

Table 3.3: Duty profile for a peak load profile

Figure 3.6: Illustration of the 100% reference values and operating points for a servo motor

As the 100% speed value for the motor will be different for every servo motor and the 100% frequency 
value for the VSD is a fixed value, the absolute values will be different in any VSD/motor combination. 
However, as the frequency/voltage relation of the inverter will be adapted to the 100% motor speed as 
defined above, the operating points will match in the application with regard to losses.

3.2.4. Duty profile for Infeed Modules

Some VSDs, which are called SDIMs (Sub Drive Input Modules) in IEC 61800-9-2, do not drive a motor with 
variable speed and torque, but feed energy from an AC mains to a DC link bus. From this DC link bus, so 
called SDOMs (Sub Drive Output Modules) operate the motor.

As the frequency for Infeed Modules is always 50 Hz from the mains frequency, the losses of Infeed Modules 
are not given as a function of frequency and current, but of power. IEC 61800-9-2 requires loss data at 
standby, 25%, 50% and 100% of the rated power. The relative time share is assumed as follows:

Figure 3.5: Duty profile for a peak load profile
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Infeed Load

100%

50%

25%

0%

Time [%] of 5000h/a

61%

19%

8%

12%

Table 3.4: Duty profile for an Infeed Module

3.3. Correction terms for network losses
The GHG Protocol requires to report the CO2 emissions of a product. This shall be done by reporting the 
power consumption of the product. However, this approach is incomplete, because a product does not 
only consume power, but the power consumption also causes losses in other components in the upstream 
network, as the power has to be transported to the product.

While this fact is obvious for all products, it has a particular relevance for motors and power electronic 
products, as those require an increased supply current due to reactive power consumption and harmonic 
emissions. Even though the GHG Protocol does not require to consider those increased CO2 emissions, 
CEMEP has decided to voluntarily include them in this guideline, with the target to give a complete picture 
rather than just doing the absolute required minimum.

Two similar drives might have the same individual losses but could have a significant difference in the 
losses incurred in the supply network. For example, a drive with a highly distorted input current (THDi > 
80%), which often happens in choke-less designs, will have a lower loss in terms of Watts measured from 
input to output, but it will cause significantly more losses in the upstream network due to the harmonic 
losses in mains cabling, transformers, fuses etc..

If these losses in the upstream network are not considered, a drive with a significantly more negative loss 
impact on the system, will appear to have the lowest emission. This could cause a significantly negative 
skew towards less energy efficient products. 

This issue is recognized in 61800-9-2 ED.2, where correction factors for harmonic losses on the grid and 
motor side are introduced to better reflect the actual loss impact of the drive, such that the energy efficiency 
marking takes this into account.

In order to simplify the calculation, one single set of correction terms is given rather than giving a set of 
correction terms for each operating point. These additional network losses are depending on the rated 
power and the THDI of the input current of the VSD. The additional network losses are given in annual 
kWh, and they are added to the overall VSD losses. The applicable line in Table 3.5 is selected according to 
the rated current of the VSD. Columns 5 and 6 are for informative purposes only.

Ir,equ
A

Grid Harmonic losses 
THDi > 60% annual 

kWh

Grid Harmonic losses 
THDi ≤ 10%
annual kWh

Grid Harmonic losses 
THDi > 10% < 60%

annual kWh

Informative 
PrM kW 

for 400V CDM

Informative
Sr,equ kVA

for 400V CDM

0,401 6,33 04,43 0,12 0,281

0,550 8,59 06,01 0,18 0,381

0,722 11,3 07,89 0,25 0,5

1,01 15,7 011,0 0,37 0,697

1,41 22,0 015,4 0,55 0,977

1,86 29,1 020,4 0,75 1,29

2,47 38,5 027,0 1,1 1,71

3,31 51,6 036,1 1,5 2,29

4,77 74,4 052,1 2,2 3,3

6,41 100 070,0 3 4,44

8,44 132 092,3 4 5,85

11,5 179 0125 5,5 7,94

14,4 218 0153 7,5 9,95

20,8 293 0205 11 14,4

28,1 379 0265 15 19,5

34,4 487 0341 18,5 23,9

40,8 550 0385 22 28,3

55,2 778 0544 30 38,2

67,8 913 0639 37 47

82,1 1159 0811 45 56,9

98,7 1329 0930 55 68,4

134 1890 01323 75 92,8

160 2156 01509 90 111

195 2749 01924 110 135

234 3147 02203 132 162

283 3991 02794 160 196

353 4759 03331 200 245

436 6149 04305 250 302

550 7401 05181 315 381

619 8736 06115 355 429

698 9382 06568 400 483

872 12299 08609 500 604

977 13151 09206 560 677

1099 15496 010847 630 761

1239 16667 011667 710 858

1396 19691 013783 800 967

1570 21134 014794 900 1088

1745 24618 017233 1000 1209

Table 3.5: Correction terms for network losses
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The grid loss values in Table 3.5 have been calculated with numerous assumptions (harmonic spectrum, 
network impedance, switching frequency, …) that represent a typical use case of a VFD. The typical VFD 
topologies, which are the basis for the values in table 3.5, are described in IEC 61800-9-2:2023, Annex J.

If more specific values for a dedicated VFD are known, based on typical expected usage, those may be used 
instead of the values in Table 3.5. To use those values the manufacturer must be able to prove them, e.g. by 
measurement, calculation or other guidance documents, for all operation points individually. 

If values from Table 3.5 are to be used in an LCA, they should be independently displayed in the LCA report 
(e.g. EPD), so that they can be easily removed in system-wide calculations but still available for comparison 
when selecting a converter.

3.4. VSD motors

3.5. Example calculations for VSDs

The GHG Protocol does not clearly specify whether motors have to be regarded as intermediate products 
or as final products. This is why this guideline provides guidance for both cases.

The CO2 emissions for VSD motors are calculated for the duty profiles described in the clauses 3.2.1 to 
3.2.3. The use phase duration should be aligned with the values given in chapter 4.5.1. Operation hours per 
year are same as given for VSD, 5000h/a as default. 

It is to be noted that the terms have not yet been finally clarified and are therefore to be understood in the 
following sections/ chapters as: 
intermediate product = loss-based scenario (Scenario 1)
final product = energy input-based scenario (Scenario 2)

As an example, the use phase emissions for a 7.5kW drive with an apparent output power of 9,9 kVA is 
calculated in the three standardized applications. For VSDs, the losses are used as the basis for the CO2 
emission calculation. The loss data of the VSD is given in the product documentation. For this example 
calculation, the losses are assumed to be specified in the product documentation as follows:

3.4.1. VSD motors as intermediate products

3.5.1. Example calculation for a VSD in a pump, fan and compressor 
application

3.4.2. VSD motors as final products

The CO2 emission calculations for VSD motors as intermediate products use the loss data in the seven 
standardized operating points according to IEC/EN 60034-2-3. This loss data already includes the additional 
harmonic motor losses due to inverter operation. The interpolation procedure to the operating points 
defined in the clauses 3.2.1 to 3.2.3 is described in IEC/EN 60034-2-3 as well.

For the pump, fan and compressor application, a THDi between 10% and 60% is assumed. 

The operating points for Low, Medium Low and Medium High power consumption require interpolation 
between the standardized operating points in  according to IEC 61800-9-2:2023, Annex F.2.2. As an example, 
the interpolation for the operating point at Medium Low power is:

The CO2 emission calculations for VSD motors as final products use the input power instead of the loss data 
in the seven standardized operating points according to IEC/EN 60034-2-3. As the input power is an order 
of magnitude higher than the losses, the additional harmonic losses do not have a significant impact on 
this calculation and can be neglected. The interpolation procedure to the operating points defined in the 
clauses 3.2.1 to 3.2.3 is identical to the procedure for intermediate products.

Frequency

Current

Relative losses

Absolute losses

25% 50% 100% 25% 50% 100% 50% 100%

0,56% 0,69% 1,12% 0,61% 0,83% 1,46% 0,99% 1,87%

55W 68W 110W 60W 82W 144W 98W 185W

0% 0% 0% 50% 50% 50% 90% 90%

Table 3.6: Loss data of the VSD in the calculation example

In addition, the standby losses are specified to 13W.

If the absolute losses are not specified in the product documentation, they can be calculated by multiplying 
the relative losses with the rated apparent output power of the VSD.

The total GHG emission is calculated by:
•	 Summing the losses at each operation point weighted by its time share,
•	 Adding the network losses, if any, and then 
•	 Multiplying this by the EU-27 Grid Mix.
According to clause 2.1, the global parameters are:
Life time: 10a
Operating hours: 5000h/a

GWPEU27,2022: 
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The losses in the operating points for Low and Medium High power are calculated accordingly. Using the 
profile from Table 3.1,  the CO2 emissions of a VSD using a quadratic load profile can then be calculated:

Load point i Relative 
Speed 

[%]

Relative 
Torque 

[%]

Time 
[%]

Time
[h]

PL,VSD,i

[W]
EL,VSD,i1a

[kWh]
EL,VSD,i10a

[kWh]
GWP

[gCO2e]

Low

Σ VSD only

Medium Low

Network losses THDi 
value > 10% < 60%

Medium High

Σ VSD + network

Full

Table 3.7: CO2 emissions of a VSD using a quadratic load profile

44

60

79

90

19

36

62

100

44

35

15

6

2200

1750

750

300

55

72

140

185

120,6

126,4

105,2

55,5

407,8

152,5

560,3

1206

1264

1052

555

4078

1525

5603

1.023.59

382,86

1.406.45

Load point i Relative 
Speed 

[%]

Relative 
Torque 

[%]

Time 
[%]

Time
[h]

PL,VSD,i

[W]
EL,VSD,i1a

[kWh]
EL,VSD,i10a

[kWh]
GWP

[gCO2e]

Standstill

Σ VSD only

Low

Network losses THDi 
value > 60%

Medium

Σ VSD + network

Full

Table 3.8: CO2 emissions of a VSD in a linear load profile

0

50

90

90

25

25

50
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40

30

20

500

2000

1500

1000

55,4

60,4

98

185

27,7

120,8

147

185,1

480,6

218

698,5

277

1208

1470

1851

4806

2180

6985

1.206.42

546,94

1.753.36

Load point i Relative 
Speed 

[%]

Relative 
Torque 

[%]

Time 
[%]

Time
[h]

PL,VSD,i

[W]
EL,VSD,i1a

[kWh]
EL,VSD,i10a

[kWh]
GWP

[gCO2e]

1

Σ

2

3

4

Table 3.9: CO2 emissions of a VSD in a servo application

50

90

50

0

200

50

50

25

15

5

35

45

500

250

3000

1250

269,28

98,01

82,17

55,44

202

24,5

143,8

124,7

495

2020

245

1438

1247

4950 1.242.450

3.5.2. Example calculation for a VSD in a linear load profile

3.5.3. Example calculation for a VSD in a Servo application

For the linear load profile, no interpolation is required, because the losses from the product documentation 
can directly be used. The CO2 emissions of a VSD in a Linear load profile, as specified in Table 3.2, result in:

For the servo application, the operating point at 200% current requires extrapolation of the loss data given, 
as described in IEC 61800-9-2. The linear extrapolation is done by the following formula:

For the servo application, the input current is usually sinusoidal and in phase with the input voltage. 
Consequently, no losses in the network have to be considered. The CO2 emissions of a VSD in a servo 
application result in:
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3.6. Example calculations for VSD motors
3.6.1. Example calculation for VSD motors as a final product

3.6.2. Example calculation for VSD motors as an intermediate
product

For VSD motors as a final product, the input power in the operating points is used as the basis for the CO2 
emission calculation. The input power is calculated according to the following formula:

For VSD motors as an intermediate product, the losses in the operating points are used as the basis for the 
CO2 emission calculation. The losses are given in the seven standardized operating points according to 
IEC/EN 60034-2-3. For this example calculation, the losses are assumed to be specified as follows:

In this example calculation, the VSD motor losses are calculated for a pump, fan and compressor profile 
like in clause 1.6.1 for the motor as a final product. 

The losses in the seven standardized operating points are interpolated to the operating points of the 
pump, fan and compressor profile. This interpolation procedure is described in IEC/EN 60034-2-3. This 
interpolation procedure calculates in a first step seven interpolation coefficients:

Applying these equations, the seven coefficients result in:

In this equation, the symbols n and T represent the relative speed and relative torque value for the different 
operating points.

Finally, the relative losses in the operating points of the pump, fan and compressor profile are multiplied 
with the rated motor power to obtain the absolute losses. This finally results in the following CO2 emissions 
of the VSD motor as an intermediate product:

For a 7,5 kW VSD motor with a rated efficiency of 92,6% in a pump, fan or compressor application, the CO2 
emissions result in:

η

Load point i Relative 
Speed 

[%]

Relative 
Torque 

[%]

Time 
[%]

Time
[h]

Pin,n,T

[W]
EL,VSD,i1a

[kWh]
EL,VSD,i10a

[kWh]
GWP

[gCO2e]

Low

Σ

Medium Low

Medium High

Full

Table 3.10: CO2 emissions of a VSD motor as a final product in a pump, fan and compressor application

44

60

79

90

19

36

62

100

44

35

15

6

2200

1750

750

300

677

1750

3967

7289

1489,6

3061,5

2975,3

2186,8

9713,3

14896

30615

29753

21868

97133 24.380.41

Speed

Torque

Relative losses

Naming

25% 1,9% 50% 50% 100% 100%

1,4% 1,12% 2,6% 4,0% 4,9% 5,8%

PL7 PL6 PL5 PL4 PL3 PL2

25% 50% 50% 90% 25% 50%

100%

7,4%

PL1

90%

Table 3.11: Loss data of the VSD

Coefficient

Value 3,74666667 -0,8 -1,6 2,90666667 2,21538462 0,23179487

CL7 CL6 CL5 CL4 CL3 CL2

1,13025641

CL1

Table 3.12: Interpolation coefficients for the VSD motor
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Load point i Relative 
Speed 

[%]

Relative 
Torque 

[%]

Time 
[%]

Time
[h]

PL,VSDmotor,i

[W]
EL,VSDmotor,i,1a

[kWh]
EL,VSDmotor,i,10a

[kWh]
GWP

[gCO2e]

Low

Σ

Medium Low

Medium High

Full

Table 3.13: CO2 emissions of a VSD motor as intermediate product in a pump, fan and compressor application

44

60

79

90

19

36

62

100

44

35

15

6

2200

1750

750

300

126

181

310

555

277,1

317,1

232,8

166,5

993,5

2771

3171

2328

1665

9935 2.493.6841

Direct online Motors (DoL)
4.

4.1. Motor types
4.1.1. Low-voltage motors

4.1.2. High voltage motors

An estimated 70% of the annual electrical energy in Europe is used in the industrial sector by pumps, fans 
and compressors to transport and forward the respective media. This is why simplified load profiles are 
currently being agreed on the basis of these familiar areas of application.

However, there is also no one application for a pump. FOR EXAMPLE, a cascade control of several water 
pumps activates the next pump as required. Up to the threshold value, the last connected pump motor is 
therefore always in operation under partial load.

Depending on the characteristics of the load, the characteristic curve of the torque is classified in a constant 
or square characteristic curve. Accordingly, the intersection points of the characteristic curve of the drive 
motor and the load characteristic curve are very different. In any case, use in the partial load range of the 
motor with direct line operation is thus virtually unavoidable.

High voltage (HV) electric motors rated voltage is over 1 000VAC or 1 500VDC according to IEC 60034-1. 
Rated voltages of the HV motors are up to 15kV and rated frequencies 50 and 60Hz. Power range of the 
high voltage motors starts from approximately 150kW and extends up to tens of MWs, the HV motors are 
used typically in powers exceeding 1MW, selection of LV or HV motor is up to customer. There are several 
types of cooling, enclosures, mountings and constructions, from cast iron frame surface rib cooled to open 
ventilated to totally enclosed with built on air-to-water or air-to-air heat exchangers and welded steel 
frame. Shaft heights are from 315 to 2500mm. HV motor types include asynchronous cage induction which 
is the most common type, synchronous motors and asynchronous wound rotor motors.

Synchronous machines are used for generators and high power motors applications and they include both 
electrically excited and permanent magnet motors and generators.

Majority of the HV voltage motors are used to drive pumps, fans and compressors. In addition, HV motors 
are used in material handling and processing, like conveyors, mills and crushers. Applications can be 
divided also to safe and hazardous areas, motors designs for hazardous area are guided by ATEX regulation 
and IEC/EN 60079 - standard series.
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Energy consumption of HV motors
Motor losses

Pole number, i.e. speed and rated frequency influence in electrical motors losses, for HV motors rated 
voltage, cooling method and starting characteristics are factors influencing efficiency. Impact of these 
parameters on efficiency are quantified in IEC60034-30-3 standard. Rated power, pole number and 
frequency are shown on reference efficiency tables. Cooling method, rated voltage and starting current 
are quantified in technology factors. 

Figures 1 and 2 illustrate how HV motor design parameters influence motors efficiency, according to 
IEC60034-30-3

Influence of frequency, rated power and pole number, combined influence of voltage, cooling method and 
starting current

Asynchronous motor speed is depending on load torque, however this slip is so small that speed related 
losses can be ignored, but load torque characteristics and starting conditions influence indirectly in HV 
DOL motors energy consumption during operation.

Synchronous motors are operating at synchronous speed, but starting conditions affect also synchronous 
motors design.

Load speed – torque characteristic curve is relevant for starting the DOL motors, high load inertia and low 
starting inrush current requires electromagnetic design, which increase motor losses.

HV motors are engineered products, which are tailored for applications based on customer specification, 
as previous examples shows requirement parameters cause wide variation in HV motors efficiency, thus 
actual calculated efficiencies are recommended to use instead of standard catalogue information.

Application load
•	 Operation profile 
•	 Operation time

HV motors power and other performance values are specified for purpose, but safety margin to take in 
account grid variation, load and process variation, ageing, fouling etc. factors is needed between calculated 
power and specified HV motor rated power. Also most of processes and applications are not constant load 
(ref: US motors study), thus the HV motors are expected to operate in partial loads most of their life-time. 
Partial load characteristics (current, efficiency, power factor) are given in 100%, 75%, and 50% load points 
in HV motor datasheets.

Figure 4.1: IE3 HV Moto reference efficiencies Figure 4.2: IE3 HV motor nominal efficiency range

4.2. Basics
Operation of a motor on the grid is always the result of a calculation of the required maximum power from 
the application, which is then usually covered by a motor of the next higher standard level.

Example

•	 Calculation results in a demand of 13.8 kW
•	 Next standard level 15 kW
Determining the required power is then only as good as the quality of the output data.

In this case, traditionally anxiety factors and uncertainties are taken into account, which then lead to a 
fundamental oversizing of the motor or, in other respects, to a lower utilization and load in relation to the 
nominal power of the motor.

Example

If the usual required values of the output calculation are not constantly and permanently requested by the 
motor, further partial load states are added.

The motor manufacturers are familiar with this use of partial load states and specify the efficiency levels 
of1 the motors not only for the load point 100% P Nominal but also for the load points 75% and 50% P Nominal in 
the catalogs.

1 The efficiency levels for operating the motors on the grid are determined according to IEC 60034 using the single loss method described in 
part 2-1 of the standard, and not using the direct method of recording the absorbed electrical power and measuring the mechanical values.

Value tolerance P Setpoint P Standard P Setpoint / P Standard

Calculation with all lower values 13.2 kW 15 kW 88%

Calculation with the usual values 13.8 kW 15 kW 92%

Calculation with all upper values 14.1 kW 15 kW 94%

Table 4.1: Example for typical motor dimensioning
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4.2.1 Example of catalog information

Motor PN kW nN min-1MNNm IN A cosφ η₅₀% η₇₅% η₁₀₀%

63MS 4 0.12 0.83

1.25

1.19

1.7

2.5

3.65

4.95

7.2

9.8

14.5

19.7

26

36

49

60

71

97

120

142

194

240

290

355

485

1380

1375

1440

1405

1415

1435

1440

1455

1461

1450

1456

1464

1461

1468

1470

1473

1474

1478

1477

1480

1482

1482

1482

1482

0.405

0.57

0.64

0.72

1.02

1.29

1.75

2.55

3.4

4.75

6.4

7.9

10.5

15.2

18.7

21

29

33.5

38.5

56

64

81

104

143

0.64

0.65

0.54

0.66

0.66

0.75

0.74

0.73

0.74

0.76

0.76

0.81

0.84

0.78

0.77

0.81

0.80

0.85

0.87

0.82

0.88

0.85

0.80

0.79

58.3

65.1

61.1

70.1

74.3

78.6

80.7

83.5

84.6

86.4

87.3

88.6

90.6

90.8

90.8

91.1

91.9

92.8

93.4

93.3

94.3

94.1

94.4

94.9

63.9

69.4

67.1

73.5

77.3

81.0

82.9

85.0

86.1

87.5

88.3

89.4

90.6

91.1

91.6

91.7

92.5

93.1

93.6

93.9

94.4

94.5

94.8

95.3

64.8

69.9

69.9

73.5

77.3

80.8

82.9

84.5

85.6

86.9

87.8

89.7

89.6

90.4

91.0

91.4

92.1

92.6

93.0

93.6

93.9

94.2

94.6

95.0

63M 4 0.18

71MS 4 0.18

71MS 4 0.25

71M 4 0.37

80MK 4 0.55

80M 4 0.75

90S 4 1.1

90L 4 1.5

100LS 4 2.2

100L 4 3

112M 4 4

132S 4 5.5

132M 4 7.5

132L 4 9.2

160M 4 11

160L 4 15

180M 4 18.5

180L 4 22

200L 4 30

225S 4 37

225M 4 45

250M 4 55

280S 4 75

Table 4.2: IE3-Motor DRN…, 400 V, 50 Hz, 4-pole, Duty S1; Values for motors 

4.3. Time components
4.3.1. Description

The different use cases described in the introduction are simplified and traced back to this help 
•	 Three basic load states for the low-voltage motor, see A) and 
•	 Two basic load states for the high-voltage motor, see B)

A.	 Load states of low-voltage motor
•	 The load state with the name “LOW” shows a large proportion of motor use over time at 50% utilization 

and corresponding smaller proportions at 75% and 100% load
•	 The load state with the name MEDIUM shows a large proportion of motor use over time at 75% 

utilization and corresponding smaller proportions at 50% and 100% load
•	 The load state with the name HIGH shows a large proportion of motor use over time at 100% utilization 

and corresponding smaller proportions at 50% and 75% load

The average value then summarizes the 3 time components arithmetically and gives an impression in a 
numerical value as the textual description is justified.

Operation Time components Time components Time components

50% load 70% 15% 10%

75% load

Results on average

20%

60%

70%

75%

20%

90%

100% load

Utilization

10%

LOW

15%

MEDIUM

70%

HIGH

Table 4.3: Load states A

B.	 Load profile of high-voltage motor
•	 The load profile with the name “LOW” shows a large proportion of motor use over time at 50% utilization 

and corresponding smaller proportions at 75% and 100% load.
•	 The load profile with the name HIGH shows a large proportion of motor use over time at 100% utilization 

and corresponding smaller proportions at 50% and 75% load.

The average value then summarizes the time components arithmetically and gives an impression in a 
numerical value as the textual description is justified.

Operation Time components A Time components B

50% load 70% 10%

75% load

Results on average

20%

60%

20%

90%

100% load

Utilization

10%

LOW

70%

HIGH

Table 4.4: Load profile B
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Based on US Lawrence Berkeley National Laboratory study LBNL-2001382, average load factor of motors 
above 200HP is from 65% down to 53%.

Figure 4.3: Average motor load factor for industrial motors systems by size

4.3.2. Graphical representation of the time components

•	 With low capacity utilization (l for low) in A) and B):

•	 With average capacity utilization (m for medium) in A):

•	 With high capacity utilization (h for high) in A) and B): 

Figure 4.4: Profil DoL motor (prEN 50743-l)

Figure 4.5: Profil DoL motor (prEN 50743-m)

Figure 4.6: Profil DoL motor (prEN 50743-h)

4.4. Power or losses
The legal requirements for determining the CO2 footprint (Product Carbon Footprint PCF) do not distinguish 
between the electrical power consumed (and the mechanical power output that is implemented in the 
application) and only the losses resulting from the conversion of electrical energy into mechanical energy 
that is attributable to the motor and is released into heat.

This assistance represents the legal values and additionally shows the information that is only justified on 
the basis of the loss balance of the motor.
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CEMEP respects the legal obligations, but is committed to a modified and fairer presentation of the CO2 
data.nly the responsibility of the losses in the motor and the associated CO2 values should be addressed 
to the motor manufacturer. The responsibility of the user and operator after the conversion from electrical 
power to mechanically usable power is also named in this way, and the CO2 values and the goal of reducing 
them are assigned there.

4.5. Service life analysis or defined number of 
hours

4.5.1. Service life analysis

4.5.2. Defined number of hours

The consideration of the CO2 footprint over the entire service life of a motor leads to the question of the 
duration of a service life of the motor product.

Only a few statistical surveys are available for this purpose.

The service life is usually distinguished in certain power ranges. Among other things, the range for motors 
will be specified.
•	 Up to 7.5 kW 10 years
•	 Up to 75 kW 12 years
•	 Up to 375 kW 15 years
•	 More than 375 kW 20 years.

However, this requires careful maintenance and inspection of the wear parts in the motor according to 
the manufacturer’s intervals. If these services are not provided, reaching these time periods is already a 
challenge.

On the contrary, there are also examples on the market that are in use for twice the time period or more 
and that can easily handle the tasks set in the application even after years and decades of purchase. The 
conversion and change of use also occur.

However, not only the time span of years is very wide-ranging, but the number of operating hours per year 
also varies enormously. 24 hours of continuous operation on the 365 days a year results in a maximum of 
8,760 h/a. 

Weekends and holidays are deducted and 1, 2 or 3 shift operation is taken into account, often leading to 
data of 2,000, 4,000 or 6,000 h/a.

The numerical results are now enormously large numbers in the size of hundreds of millions of grams of 
ECO2. For many people, the values are not tangible because the value exceeds everything known.

Many manageable sizes are known from everyday life. In the case of everyday use, it is customary and 
legally required in Europe for department stores and supermarkets to standardize the prices to 0.1 kg or 1 
kg of goods in order to meet the variety of packaging sizes. The fuel consumption of a car is standardized 
to the dimension liters per 100 km, making it understandable and comparable to products from other 
manufacturers for the purchasing process.

As an alternative to the critical PCF specification for the entire service life, the PCF specification for every 
100 hours of operating time would therefore be used. This would eliminate the problems of years and 
hours per year. The user could determine a factor from their actual operating time so that the individual 
PCF can then be multiplied.

This help therefore suggests an additional specification with PCF per 100 hours.

A simple factor can be determined from the actual number of hours known only by the operator, by which 
the 100 h value is then multiplied. In the example, an assumed annual hourly base of 2,350 h is used to 
calculate the 100 h value factor.

A compromise has therefore been reached for this assistance. The PCF calculations are based on 
•	 The low-voltage motors have a service life of 15 years with an operating time of 5,000 hours/year, 
•	 The high-voltage motors for 20 years of service life with 5,000 hours/year of operation, and thus take 

into account already normative and established values.

Figure 4.7: Distribution of annual run hours for industrial motor systems by size
Source: US Lawrence Berkeley National Laboratory study LBNL-2001382
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4.6. Example calculation low-voltage motor A) 30 
kW; IE3; 50 Hz; 4-pole; IC411

The following example shows the results for the average utilization of a 30 kW motor.

4.6.1	 Performance analysis A)

4.6.2 Loss analysis A)

P Dispensing xP Nominal P Load eta x P Recording x

%KW kW kW

50

30

15 93.3% 16.1

75

100

22.5

30

93.9%

93.6%

24.0

32.1

Table 4.5: Example load state A; energy input P Dispensing xP Nominal P Load eta x P Recording x P Loss x

%KW kW kW kW

50

30

15 93.3% 16.1 1.08

75

100

22.5

30

93.9%

93.6%

24.0 1,46

32.1 2.05

Table 4.10: Load states A, loss only

Service life

Hours/year

5,000

P Recording

Total

23.99

Service life

Years

15

Energy

kWh

1,799,432

eCO2
2

gr

451,657,510

eCO2

t

452

Table 4.7: Load states A Energy and CO2, energy input

Factor

23.5

Operating time

Hours

2,350

Duration

Hours

100

Energy

kWh

2,399 * 23.5
= 56,382

eCO2

gr

602,210 * 23.5
= 14,151,935

eCO2

t

0.602 * 23.5
=14.1

Table 4.9: Assumed annual operating time of 2,350 h.

Duration

Hours

100

P Recording

Total

23.99

Energy

kWh

2,399

eCO2

gr

602,210

eCO2

t

0.602

Table 4.8: Alternative, energy input

Time components P Admission pro rata

kW

23.99

%

Total

2.4115%

70%

15%

16.8

4.81

Table 4.6: Average for Load States A, energy input

Time components P Admission pro rata

kW

1.49

%

Total

0.1615%

70%

15%

1.02

0.31

Table 4.11: Average for Load States A, loss only

Figure 4.8: Load States A graphical

2  Conversion of energy kWh into gr ECO2 with the European energy mix factor of 2022 from 251 gr/ECO2.

Figure 4.9: Loss States A graphical
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Service life

Hours/year

5,000

P Recording

Total

1.49

Service life

Years

15

Energy

kWh

111,932

eCO2
3

gr

28,095,010

eCO2

t

28.1

Table 4.12: Load states A Energy and CO2, loss only

Factor

23.5

Operating time

Hours

2,350

Duration

Hours

100

Energy

kWh

149 * 23.5
= 3,507

eCO2

gr

37,460 * 23.5
= 880,310

eCO2

t

0.0375 * 23.5
= 0.88

Table 4.14: Assumed annual operating time of 2,350 h.

kwNominal power

P Output

Efficiency 
with P Output

P Input with  P Output

P Losses with  P Output

P Nominal

kw

kw

kw

50% P Nominal

50% P Nominal

50% P Nominal

50% P Nominal

kw

kw

kw

75% P Nominal

75% P Nominal

75% P Nominal

75% P Nominal

kw

kw

kw

100% P Nominal

100% P Nominal

100% P Nominal

100% P Nominal

30

15

93.3%

16.077

1.077

22.5

93.9%

23.962

1.462

30

93.6%

32.051

2.051

[1]

[2]

[3]

Utilization

Time components

Average

LOW

50% P Nominal

75% P Nominal

100% P Nominal

MEDIUM

15%70% 10%

75%60% 90%

70%20% 20%

15%10% 70%

HIGH

[4]

kw

kw

kw

kw

P Input 
Time components

P Input-average

50% P Nominal

75% P Nominal

100% P Nominal

2.41211.254 1.608

23.99219.251 28.836

16.7734.792 4.792

4.8083.205 22.436

[6]

[5]

kw

kw

kw

kw

P Losses  
Time components

P Loss average

50% P Nominal

75% P Nominal

100% P Nominal

0.1620.754 0.108

1.4921.251 1.836

1.0230.292 0.292

0.3080.205 1.436

[7]

Duration

Hours

100

P Recording

Total

1.49

Energy

kWh

149

eCO2

gr

37,460

eCO2

t

0.0375

Table 4.13: Alternative, loss only

3  Conversion of energy kWh into gr ECO2 with the European energy mix factor of 251 gr/ECO2.

4.6.3. Summary A)

To A) of a low-voltage motor with nominal power of 30 kW.

Table 4.15: Input of the power and partial load efficiencies from the catalog specifications of the manufacturer.



5150

PCF calculation

Years of operation

Operating hours/year

Energy consumption

Energy losses

Grams of CO2 per kWh

eCO2 to E Input

eCO2 to E Losses

eCO2 to E Input

eCO2 to E Losses

eCO2 to E Input

eCO2 to E Losses

kWh

kWh

gr/kWh

gr

gr

kg

kg

t

t

a

h/a.

E Input

E Losses

1,000 gr/kg

1,000 gr/kg

1 million gr/t

1 million gr/t

15

5,000

1,799,432

111,932

251

451,657,510

28,095,010 

451,658 

28,095 

452

28.1

[8]

[9]

[10]

[10]

1,443,861

93,861

362,409,107

23,559,107 

362,409 

23,559 

362 

23.6 

2,162,696

137,696

542,836,697

34,561,697 

542,837 

34,562 

543

34.6

Alternative

Operating hours/year

Energy consumption

Energy losses

Grams of CO2 per kWh

eCO2 to E Input

eCO2 to E Losses

eCO2 to E Input

eCO2 to E Losses

eCO2 to E Input

eCO2 to E Losses

kWh

kWh

gr/kWh

gr

gr

kg

kg

t

t

h

E Input

E Losses

1,000 gr/kg

1,000 gr/kg

1 million gr/t

1 million gr/t

100

2,399

149

251

602,210

37,460 

602

37.5

0.602

0.037

[11]1,925 

125

483,212

31,412

483

31.4

0.483

0.031

2,884

184

723,782 

46,082 

724

46.1

0.724

0.046

100h value factor

Annual hours of use

Energy consumption

Energy losses

Grams of CO2 per kWh

eCO2 to E Input

eCO2 to E Losses

eCO2 to E Input

eCO2 to E Losses

eCO2 to E Input

eCO2 to E Losses

kWh

kWh

gr/kWh

gr

gr

kg

kg

t

t

h

E Input

E Losses

1,000 gr/kg

1,000 gr/kg

1 million gr/t

1 million gr/t

23.5

2,350

56,382

3,507

251

14,151,935 

880,310 

14,152 

880

14.2

0.88

45,241

2,941

11,355,485 

738,185 

11,355 

738 

11.4

0.74

67,764

4,314

17,008,883 

1,082,933 

17,009 

1,083

17.0

1.08

[12]

[13]

Table 4.16: Overview of the results of the PCF calculation and the alternative 100h.

4.7. Example calculation for high-voltage motor 
B): 2,000 kW; 6,600 V; IE3; 50 Hz; 4-pole; IC411

The following example shows the results for the low utilization of a self-ventilated 2,000 kW motor, 6.600V, 
rated and partial load efficiencies in Performance Analysis (B).

4.7.1. Performance analysis B)

P Dispensing xP Nominal P Load eta x P Recording x

%KW kW kW

50

2,000

1,000 96.0% 1,042

75

100

1,500

2,000

96.3%

96.1%

1,558

2,091

Table 4.17: Example load profile B; energy input

Service life

Hours/year

5,000

P Recording

Total

1,249

Service life

Years

20

Energy

kWh

124,880,969

eCO2
4

gr

31,345,123,261

eCO2

t

31,345

Table 4.19: Load profile B Energy and CO2, energy input

Time components P Admission pro rata

kW

1,249

%

Total

72970%

20%

10%

312

208

Table 4.18: Average for Load profile B, energy input               Figure 4.10: Load profile B graphical

4  Conversion of energy kWh into gr ECO2 with the European energy mix factor of 2022 from 251 gr/ECO2.
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Duration

Hours

100

P Recording

Total

1,249

Energy

kWh

124,811

eCO2

gr

31,345,123

eCO2

t

31.3

Table 4.20: Alternative, energy input

Factor

23.5

Operating time

Hours

2,350

Duration

Hours

100

Energy

kWh

124,811 * 23.5
= 2,934,703

eCO2

gr

31,345,123 * 23.5 
= 736,610,397

eCO2

t

31.3 * 23.5
= 737

Table 4.21: Assumed annual operating time of 2,350 h.

4.7.2 Loss analysis B)

P Dispensing xP Nominal P Load eta x P Recording x P Loss x

%KW kW kW kW

50

2,000

1,000 96.0% 1,042 41.7

75

100

1,500

2,000

96.3%

96.1%

1,558 57.6

2,081 81.2

Table 4.22: Example load profile B; loss only

Time components P Loss proportion

kW

48.8

%

Total

29.270%

20%

10%

11.5

8.1

Table 4.11: Average for Load States A, loss only Figure 4.11: Load profile B graphical

Service life

Hours/year

5,000

P Recording

Total

48.8

Service life

Years

20

Energy

kWh

4,880,969

eCO2
5

gr

1,225,123,261

eCO2

t

1,225

Table 4.24: Load profile B Energy and CO2, loss only

Factor

23.5

Operating time

Hours

2,350

Duration

Hours

100

Energy

kWh

4,881 * 23.5
= 114,703

eCO2

gr

1,225,123 * 23.5
= 28,790,397

eCO2

t

1.23 * 23.5
= 28.8

Table 4.26: Assumed annual operating time of 2,350 h.

Duration

Hours

100

P Recording

Total

48.8

Energy

kWh

4,881

eCO2

gr

1,225,123

eCO2

t

1.23

Table 4.25: Alternative, loss only

5  Conversion of energy kWh into gr ECO2 with the European energy mix factor of 251 gr/ECO2.

4.7.3. Summary B)

To B) a high-voltage motor with nominal power of 2,000 kW.
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kwNominal power

P Output

Efficiency 
with P Output

P Input with  P Output

P Losses with  P Output

P Nominal

kw

kw

kw

50% P Nominal

50% P Nominal

50% P Nominal

50% P Nominal

kw

kw

kw

75% P Nominal

75% P Nominal

75% P Nominal

75% P Nominal

kw

kw

kw

100% P Nominal

100% P Nominal

100% P Nominal

100% P Nominal

2,000

1,000

96.0%

1.042

41.7

1,500

96.3%

1.558

57.6

2,000

96.1%

2.081

81.2

[1]

[2]

[3]

Utilization

Time components

Average

LOW

50% P Nominal

75% P Nominal

100% P Nominal

70% 10%

60% 90%

20% 20%

10% 70%

HIGH

[4]

kw

kw

kw

kw

P Input 
Time components

P Input-average

50% P Nominal

75% P Nominal

100% P Nominal

104729

1.8731.249

312312

1.457208

[6]

[5]

kw

kw

kw

kw

P Losses  
Time components

P Loss average

50% P Nominal

75% P Nominal

100% P Nominal

4,1729.2

72.548.8

11.511.5

56.88.12

[7]

Table 4.27: Input of the power and partial load efficiencies from the catalog specifications of the manufacturer.

PCF calculation

Years of operation

Operating hours/year

Energy consumption

Energy losses

Grams of CO2 per kWh

eCO2 to E Input

eCO2 to E Losses

eCO2 to E Input

eCO2 to E Losses

eCO2 to E Input

eCO2 to E Losses

kWh

kWh

gr/kWh

gr

gr

kg

kg

t

t

a

h/a.

E Input

E Losses

1,000 gr/kg

1,000 gr/kg

1 million gr/t

1 million gr/t

20

5,000

187,250,896 

7,250,896 

251

46,999,974,978 

1,819,974,978 

46,999,975 

1,819,975 

47,000 

1,820 

[8]

[9]

[10]

[10]

124,880,969 

4,880,969 

31,345,123,261 

1,225,123,261 

31,345,123 

1,225,123 

31,345 

1,225 

Alternative

Operating hours

Energy consumption

Energy losses

Grams of CO2 per kWh

eCO2 to E Input

eCO2 to E Losses

eCO2 to E Input

eCO2 to E Losses

eCO2 to E Input

eCO2 to E Losses

kWh

kWh

gr/kWh

gr

gr

kg

kg

t

t

H

E Input

E Losses

1,000 gr/kg

1,000 gr/kg

1 million gr/t

1 million gr/t

100

187,251

7,251

251

46,999,975

1,819,975

47,000

1,820

47.0

1.82

[11]124,881

4,881

31,345,123

1,225,123

31,345

1,225

31.3

1.23

100h value factor

Annual hours of use

Energy consumption

Energy losses

Grams of CO2 per kWh

eCO2 to E Input

eCO2 to E Losses

eCO2 to E Input

eCO2 to E Losses

eCO2 to E Input

eCO2 to E Losses

kWh

kWh

gr/kWh

gr

gr

kg

kg

t

t

h

E Input

E Losses

1,000 gr/kg

1,000 gr/kg

1 million gr/t

1 million gr/t

23.5

2,350

4,400,396 

170,396 

251

1,104,499,412 

42,769,412 

1,104,499 

42,769 

1,104

42.8

2,934,703 

114,703 

736,610,397 

28,790,397 

736,610

28,790 

737

28.8

[12]

[13]

Table 4.28: Overview of the results of the PCF calculation and the alternative 100h.
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4.8. Generators

4.9. Formulas

This guideline can be applied in calculating Scope 3 emissions of LV and HV generators, both DOL and VSD.
	
•	 Only loss method applicable.  
•	 Loss calculation at rated point, synchronous generators at pf.  1.0.
•	 Suggestion is to use real emission factors,  meaning:

−	 Renewable source generators emission factor is 0
−	 Generators for fossil fuels prime movers, emission factors based on used fuel (fuel oil,  natural gas,  

coal,..)
•	 In case there is not enough information about real emission factors, then average grid factors can be 

used
•	 Service life same of motors, see 4.4.1
•	 For new synthetic fuels,  use natural gas or oil FLHs

In power generation Full Load Hours (FLH) is used as a measure of utilization of a power plant and a 
generator. 

The number of full load hours of a generator is calculated by dividing the annual energy output (e.g. in 
kWh) by the nominal power of the generator (kW).    

FLH (hours / year) = Produced annual Energy (kWh) / Rated power of generator (kW).

Annual Full Load Hours are depending on intended duty of the power plant, commercial factors and in 
some cases also regulatory requirements. Intended duty can be divided in base-load, peak-load and stand-
by duties. Base and peak load can be generated in different types of power plants. Nuclear and geothermal 
are basically clear base load, coal fired, biomass, waste, combined cycle gas and en-gine power generation 
can be both base and peak loads. High end of hydro (GW plants) is mainly for base power, other hydro are 
used for the both and also as energy storage. Wind and solar generation is depending on weather, but 
because of their lower energy cost they are providing base load when available. Engines and gas turbines  
are typical peakers and their low power version are used for stand-by / emergency duty.

Base load generation FHLs range can be 5000 .. 8000h, peak power generation from 1000 … 3000h.

Because generators can be used in both peak and base load rules for determining operation load and 
time components per generator and power plant type, thus simpler calculation of generators Scope 3 use 
phase is proposed,  based on average global full load hours of type of power plant / fuel.

Emissions, annual = generator loss power [kW] x FLH [h]  x emission factor (grid or fuel) [kgCO2e/kWh].

Emissions, use-phase = Emissions, annual [kgCO2e] x service life.   

FLH reference values calculated from IEA World energy outlook reports Stated Policy statistics of Total 
generation and Total capacity. Final FHL is average of 2020 -2023 FHL values rounded up to two natural 
numbers.

Stand -by / emergency duty annual operation time or power from NFPA110.    

The tabular invoices from 4.6.3 and 4.7.3 are available as a file in a spreadsheet and can therefore be 
adjusted with individual motor data.

Only the nominal power and the three values 50%, 75% and 100% load efficiency for A) or B) must be 
entered from the data sheet or the manufacturer’s catalog.

CEMEP points out that this represents a limited CO2 analysis of the motor on the grid alone.

Both the losses in the supply cables to the motor and the upstream transformers and the additional losses 
caused by the phase shift of current and voltage in the supply cables due to the inductive load on the 
supply system are not taken into account. 

These power factor specifications are neither available for partial load situations in the documentation 
of the motor manufacturers nor can all variants of the supply cable be taken into account in terms of 
structure, material, conductor cross section and connection topology.

This means that the specifications for motors in line operation differ from those in pure inverter operation 
from chapter 3.

Generation type Full Load Hours, [h]

Wind 2300

Hydro 3100

Bio 4000

CSP 2400

Geothermal 6400

Nuclear 6600

Coal 4600

Natural gas 3400

Oil 1700

Stand-by duty

Power Annual hours

0,7 x Pn 500
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4.9.1 Formulas and formula symbols

4.10. Abbreviations

[1] POutput = PNominal * partial load factor 	 (Partial load factor = 50%, 75% or 100%)
[2] Efficiency (eta) = P Output / PIntake

→ P Intake = POutput / eta
[3] PLosses = PUptake - POutput

[4] Cut = temporal percent1 * partial load factor1
+ temporal percent2 * partial load factor2
+ temporal percent3 * partial load factor3
[5] PInclusion of the time components = PInclusion of [2] * time percentages
[6] PRecording cut = sum of PRecording to the time components
[7] PLoss cut = sum of PLosses in relation to the time components
[8] Energy consumption = sum of [6] * operating years * operating hours per year
[9] CO2 equivalent = energy mix factor in gr/kWh  * energy consumption from [8]
[10] Conversion from gram to kilogram or ton
[11] Energy consumption = sum of [6] * 100 operating hours 
[12] Factor determination from the annual hours of use divided by 100
[13] Multiplication of the values from [11] by the factor from [12]

Abbreviation Long text

DoL From EN “direct on line”, motor used direct connected to the grid

eCO2 From EN “e-equivalent CO2” to DE equivalent CO2: Means the conversion of a value into a comparable 
direct CO2 emission

P Nominal Nominal power of the low-voltage or high voltage motor

50% P Nominal Stage of the percentage partial load

75% P Nominal Stage of the percentage partial load

100% P Nominal Stage of the percentage partial load

P Output Output power of the low-voltage or high voltage motor

P Losses Power losses of the low-voltage or high voltage motor

Informative Guidance for harmonic 
motor loss corrections in sine-wave 
filtered end user installations

5.

As defined in section 1.3, corrections for harmonic losses are recognized in IEC 61800-9-2 ED.2 and this 
guideline allows the emissions to be adjusted dependent on the VSD’s harmonic distortion impact on the 
grid.

This method cannot be applied on the VSD for reductions in the harmonic distortion losses in the motor 
side, since the harmonic motor losses are included by default in the VSD motors emissions data.

It can however be a valid lever for emissions reductions to address the harmonic losses caused by the 
VSD in the motor. And in such cases where an external filter is installed by an OEM, an end user or in an 
Engineered to Order (ETO) product, the emissions in the end system or refined product can be reduced 
based on this.

The correction can only be performed at system level (VSD + Motor) and therefore cannot be applied to the 
VSD’s emission data alone, even if the VSD has a low harmonic output voltage, or if it is an ETO solution 
sold as a standalone product. In these cases, it is allowed to correct for this only when efficiency marking 
the product, but not when reporting the emissions.

The following guidance is suggested for manufacturers of such products, and end users of such products 
to correctly assess their Scope I, II and III emissions for CSRD reporting and similar purposes.

The additional harmonic motor losses are, by definition, the difference in the motor’s losses measured 
with an undistorted supply source (DFU ≥ 10%) and the losses measured with a VSD directly supplying the 
machine. Equation (11) in IEC61800-9-2 ED2.

Therefore, in a known system the ideal way to correct for the harmonic losses is to measure the relevant 
operating points with and without the sine-wave filter. However, in the case that this is not possible, since 
the end application or end motor etc. is unknown, it can be approximated in two simple ways.

As shown in Table 1, the harmonic losses of the reference test motor here are largely torque independent, 
and they do not vary much with speed for the “Quadratic load profile duty profile” which is used as the 
standard reference for harmonic corrections on the grid side.

Here the speeds range from 44% to 90% and in this range, across the load range, the harmonic losses can 
be considered constant.
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This means that if the motor is known, the reference harmonic losses can be subtracted from the rated 
motor losses (15% ≤ 90kW and 25% >90kW), thereby reducing the total system losses by this number.

If the motor is unknown but the VSD system is known, for example in an ETO / OEM product configuration. 
The additional losses of the Sine-wave filter can be omitted from the losses, as a reasonably designed sine-
wave filter will typically be a net positive reduction of system losses (the filters losses are lower than the 
losses being offset in the motor). 

These two approaches offer simple and conservative methods for estimating this as an ETO, OEM or end 
user to correctly assess the system emissions.

Speed [%]

Harmonic motor losses [kW] 
55kW IE3 IM

Current [%] 75% 100%

0,31

0,30

38%

66%

25%

0,53

0,52

50%

0,55

0,53

0,33

0,36

0,31

0,30

47%

75%

0,31

0,31

0,25

57%

85%

100%

0,53

0,52

0,53

0,50

0,47

0,56

0,52

0,34

0,35

0,55

0,49

0,45

0,36

0,35

0,24

Table 5.1 Harmonic motor losses measured on a 55kW IE3 Induction Machine
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